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=~ Next Generation Internet (NGI) Initiative

ngh rate fiber backbone
Negligible delay

Negligible errors
Symmetric data channels
Continuous connectivity

Loss = Congestion
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Untethered edge-market
‘plug-ins’ to the fiber backbone
[satellites, wireless, mobile
ad-hoc networks, etc.]

may introduce:
Significant delay & errors
Power/bandwidth constraints
Disjoint connectivity
Corruption as source of loss
Asymmetric channels
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A Candidate Sharing of Issues
and Technologies

Satellite,
Wireless

Mobile/
Roving
applications

Internet
backbone

w(- Next Generation Internet (NGD Initiative




IPN leverage

K
(//00
,
2
Mobile/Wireless

Nomadic

Self-organizing
DM erabit communications
Similar Problems, low delay

Common Soluti
olutions s Deep-space

I Network
\ File-based

Operations
Space LEO
Internet Constellations

Standards 6§f



Thirty years down the road.....




IPN Organizational Relationships
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The Basic IPN Concept:




Connect distributed
internets via an
interplanetary backbone

The Basic IPN Concept:

Provide dialog across
a network of Internets




IPN Technology Thrust Areas
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to the IPN will be required because
space-based assets will have limited available resources.
controls.

will be required to perform access

sent is received.

will be required to assure that what was

will be required to assure that
unauthorized users cannot obtain information.
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What's a Backbone?

— Terrestrial backbone links are between hubs like Houston and
Chicago.

— Interplanetary backbone links are between hubs like Earth and
Mars.




On the Interplanetary Backbone:

— Bits count

— Interactive protocols don’t work
* Internet protocol suite doesn’t scale well with increasing latency
* Negotiation is impractical
* Reliable in-order delivery takes too long
* Protocols need to be connectionless
Congestion control and flow control are difficult
Reliance on forward coding versus retransmission for error recovery

“Chatty Telephony” gives way to “Bundled Mail” as the model
of operations




Resulting Backbone
Differences

Transport TCP “Bundling’

Network |P IP, NP, None?

Link SONET CCSDS

Physical Optical fiber R/F or laser




Transport ransport
TCP TCP

Sub-network Sub-network Sub-network

Internet: a Network of Connected Sub-Networks




Network of disconnected Internets spanning dissimilar environments

Application Application
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Transport Trangsport Transport

Transport

Network Network

Bundling supports end-to-end transfer across a
“network of disconnected Internets”
having heterogeneous network protocol stacks




Bundling:
Design Principles """ p ootiSsg.

and Nodes Gateways

Deployed Stable

® N a m e S Internets Backbone

Names have two parts: arouting part (specifies the IPN
region) and an administrative part (specifies the DNS name)

Routing between IPN regions based upon routing part of the name

Separate addressing domains for each internet; administrative names
converted to local addresses in destination IPN region

Inherent dependence on intermediate relay agents

“Bundles” are the common end-to-end transfer mechanism




Single Name Space,
Late Name-to-Address Binding(s)

Name Space - Common Across All Internets
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Name: Name:
{routing part: earth.sol, {routing part: mars.sol,
admin part: http://www.bughunter.org} admin part: http://www.rockshop.com}

Local Address: 137.79.10.232 Local Address: 137.79.10.232




Interplanetary Internet Deployment Plan

Basic IPN Architectural Definition

Development of Key Protocols

——Protocol-Test-and-Validation
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New Capability Demonstrations

Sponsored
Rollout

Space Mission Infusion and Rollout




Interplanetary
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